Evidence is presented from more than 300 subjects to show that promethazine potentiates the action of six different narcotics (morphine, pethidine, oxymorphone, hydromorphone, fentanyl and pentazocine). In each instance there was prolongation rather than deepening of the narcotic action. Such an effect is consistent with the known membrane-stabilizing action of promethazine and is likely to occur at the site of inactivation of the narcotic (e.g. liver) rather than at its principal site of action, the brain. In the light of these findings promethazine premedication should be reserved for situations where the use of intravenous anaesthetics is anticipated. At the same time promethazine may prove to be a useful drug in certain other situations where too rapid inactivation of the principal drug presents a therapeutic problem.
Evidence is presented from more than 300 subjects to show that promethazine potentiates the action of six different narcotics (morphine, pethidine, oxymorphone, hydromorphone, fentanyl and pentazocine). In each instance there was prolongation rather than deepening of the narcotic action. Such an effect is consistent with the known membrane-stabilizing action of promethazine and is likely to occur at the site of inactivation of the narcotic (e.g. liver) rather than at its principal site of action, the brain. In the light of these findings promethazine premedication should be reserved for situations where the use of intravenous anaesthetics is anticipated. At the same time promethazine may prove to be a useful drug in certain other situations where too rapid inactivation of the principal drug presents a therapeutic problem.
Promethazine was first introduced to anaesthesia as one of the main ingredients of the "lytic cocktail" (Laborit and Huguenard, 1954) . It has been retained as a slightly controversial premedicant. To some authors its mood-changing and anti-emetic properties are valuable (Gordon et al., 1954; Kolodny, 1962) while others dislike its antianalgesia action (Moore and Dundee, 1961) .
Anaesthetists are sometimes surprised by the many other uses that have been suggested for promethazine. While its antihistaminic action (v. Brucke, Homykiewicz and Sigg, 1969 ) is well known, it has also been advocated for preventing peritoneal adhesions (Kho, Replogie and Ravitch, 1969) and to protect the liver against carbon tetrachloride injury (Serratoni, Schnitzer and Smith, 1969; Slater, 1965; Rees and Spector, 1961) . Promethazine improves the histological identification of oxidases in tissue slices (Jasmin, Bajusz and Belair, 1964) ; it inhibits the penetration of mammalian skin by the liver fluke (Milleman and Mergenhagen, 1960) and it interferes with the outcome of certain pregnancy tests (Tait, 1971) . Information on the site of action of promethazine is meagre. What little is forthcoming suggests that promethazine stabilizes cell membranes and the coverings of the endoplasmic reticulum (Ahmed and Judah, 1962; Seernan and Bialy, 1963 We have long been interested in defining the parameters that govern intravenous anaesthetic requirements. In the course of this work we have investigated the contribution of promethazine to the anaesthetic action of narcotics. We present here our findings and discuss their implications for the rational use of promethazine in anaesthesia as well as for the general mode of action of this agent.
MATERIAL AND METHODS
The effect of promethazine upon drug requirements during surgical anaesthesia has been investigated using morphine (MS), hydromorphone (DI), oxymorphone in a thiopentone-oxymorphone mixture (PN), fentanyl in a droperidol-fentanyl mixture (NLA) and pethidine (ME). In addition we include studies reported in part previously (Keeri-Szantd and Remington, 1972) about the effect of promethazine on postoperative pentazocine (PE) requirements and calculations based on the data of Keats, Telford and Kurosu (1961) concerning the effect of promethazine of ME-induced respiratory depression as well as those of Brown et al. (1973) on the course of respiratory depression following the administration of DI and MS.
All subjects in the surgical series came from the population of a 900-bed teaching hospital serving a mixed urban/rural (as opposed to metropolitan) population. MS, DI, PN, NLA or ME were employed singly for the induction and supplementation of rigidly standardized nitrous oxiderelaxant anaesthesia according to a previously PROMETHAZINE AND NARCOTIC POTENTIATION 919 described routine (Keeri-Szantd and Leduc, 1962) . PE was studied in a demand analgesia situation (Forrest, Smethurst and Kientitz, 1970; Sechzer, 1971; Keeri-Szantd, 1971; Keeri-Szantd and Heaman, 1972) on mothers recovering from Caesarean sections. This group of patients was anaesthetized without prcmedication in a standard fashion with drugs which have a short duration of action. After the return of consciousness the patients could, in the event of pain, trigger an apparatus, as often as they desired, to deliver a pre-set aliquot of pentazocine i.v. The riming of each such increment was recorded.
Treatment (T) consisted of promethazine 50 mg per 70 kg body weight. This amount was administered i.m. to our surgical patients 60-90 min before the induction of anaesthesia. The obstetric group received the same dose after the start of surgery and as soon as the cord was clamped. Part of the dose was given intravenously and the remainder intramuscularly. The surgical control group (C) received as premedication an appropriate dose of the narcotic that was to be used during surgery. This dose was included in subsequent calculations concerning drug requirements. The obstetric control groups received no medication in lieu of the promethazine.
Assignment of patients to the T or C groups was determined according to the last digit of the hospital admission number. The various drugs were studied sequentially and when about 80% of a surgical series was collected, the incidence of smokers and of urban dwellers in the groups was reviewed. Imbalances in these parameters were then corrected by assigning the appropriate patients to the deficient cells. These decisions were always made well in advance of the initial contact between patient and anaesthetist and were rigorously adhered to. Patients were selected for this study only to the extent that they were assigned to the author for anaesthesia, that the proposed operation was expected to require more than 2 hours of anaesthesia and that they were not in frank cardiovascular collapse at the time of induction of anaesthesia. All grades of anaesthetic risk, including emergency procedures are represented.
A time-dose (t/d) curve (Keeri-Szantd, 1960) was constructed for each patient from the size and timing of successive narcotic increments administered to the patient by the anaesthetist in response to a change in the signs of anaesthesia or, in the case of demand analgesia, by the patient herself in response to a change in her state of comfort. Such a curve lends itself to divide the observed gross drug uptake into a priming and a maintenance portion. This information in turn may be used to describe the drug's elimination kinetics in an individual patient (Keeri-Szantd, 1974) : Such calculations form the main subject of this study. With the demand analgesia group one could study in addition the interval between the end of surgery and the first complaint of discomfort and test the influence of promethazine on this aspect of analgesia also.
RESULTS
Relevant information about 267 surgical patients is summarized in table I. The T and C groups appear to be well matched for age, size and site of surgery. The commonest procedures in this study were operations on the stomach, biliary tract and spine, total hip replacements and exenterations for malignancy. Operations on the brain, thorax and major blood vessels are included, although in small numbers; there are no heart operations in the series. 
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Figure 1 is a half-schematic representation of a t/d curve. It shows how the priming and mainten-" ance fraction are derived from the total drug uptake and how the drug's apparent first order elimination rate constant or its functional half-life are calculated from this information. The case has been selected for its long duration rather than for the goodness of fit to the empirical equation. Many data, notably those derived from patients practising demand analgesia show an even better fit. There are of course others in whom the definition of the curve's slope and intercept are more ambiguous but this is the exception rather than the rule. Table II shows the average priming doses and maintenance rates observed in the different groups along with the standard errors of the means. The probability of finding such differences by BRITISH JOURNAL OF ANAESTHESIA chance alone is indicated for each drug separately. In the bottom half of the table is tested the probability of obtaining the observed results for all drugs combined by chance alone. To do this we combined the T and C groups for each drug, calculated their grand average and determined the number of T and C subjects above and below this value. Then we combined the results from all drugs and applied the x 2 test for the level of statistical significance. Figure 2 presents the effect of promethazine upon mean pentazocine requirements during demand analgesia following Caesarean section. Numerical values of the mean priming and maintenance constants, the scatter around these values and the statistical significance of the observed differences are tabulated. The mean interval between the end of surgery and the onset of discomfort in the two groups is shown also. Table HI lists the mean functional half-lives calculated for the different drugs from our observations and the effect of promethazine on these values. We also list, wherever possible, half-life data for the same drugs from the literature and the variety of techniques with which these were obtained. They offer a basis for comparison regarding the accuracy with which half-life data can be derived from t/d curve constants.
In three instances we performed our own calculations on other authors' data and figure 3 shows how they were used to obtain a value for functional half-lives from CO,-shift observations. The assumptions implicit in this procedure are set out below. 
DISCUSSION
Divergence from the random assignment of patients to T and C groups was chosen as the lesser of two evils in view of the demonstrated differences in the handling of several drugs by smokers (Pantuck, Kuntzman and Conney, 1972; Keeri-Szantd, Muir and Remington, 1973; Boston Collaborative Drug Surveillance Program, 1973) and to a lesser extent by urban and rural population (Keeri-Szant6 and Pomeroy, 1971) . It would have been most desirable to conduct this study in a blind fashion. This was only possible in the demand analgesia series because preliminary work showed that an experienced anaesthetist will easily detect whether or not a patient received promethazine. This is not as significant a drawback as it may appear because during surgery there is very limited scope for observer bias. Failure to maintain a deep enough level of anaesthesia is immediately apparent and there is no lack of observers to bring this to the anaesthetist's attention. Too deep anaesthesia leads to delayed return of consciousness that cannot be overlooked, is easily quantitated by the clock and is routinely incorporated in the calculations as a correction factor. Temporary overdose may occur, and may be necessary if there is a marked change in sensory input during some part of the operation, but this will not affect the shape of the curve or the size of the constants that concern us here.
During surgery or postoperative analgesia, as during most therapeutic endeavours, the therapist will be faced with the task of maintaining a stable and sufficient concentration of the drug at its site of action. To do so, he must initially furnish a loading dose that will provide the critical concentration in the drug's apparent distribution space and follow this with additional increments that match the rate at which the drug is elirninatecL Equilibration in the distribution space is rarely 3 . Plot of the log of mean CO,-shift against observation rim<-in a cross-over experiment on 5 subjects exposed to two different doses of pethidine (meperidine) and one dose of pethidine plus promethazine. The hypothesis outlined in the text would require that doubling the amount of pethidine doubles the degree of respiratory depression while the rate of recovery from the two doses remains identicaL The addition of promethazine to pethidine does not deepen respiratory depression but slows the rate of recovery. The drug's mean functional half-life can be read directly from the graph as the t co-ordinate of one-half of the recovery rates' intercept with the CO,-shift axis. The same procedure (not shown) was carried out on Brown and associates' data (1973) about the CO,-shift produced by hydromorphone and by morphine. The results are listed in table III. instantaneous; therefore until it is completed the critical concentration at the target site may be achieved with less than the calculated loading dose or, conversely, a bolus of the correct loading dose will produce a temporary excess concentration at the site. The mathematical formulation of the above statement, including a correction for the duration of distribution, corresponds to the equation in figure 1 . In our opinion the fact that the vast majority of t/d curves provide an excellent fit to this relatively simple formula strongly supports the hypothesis that the sequence outlined above conforms to the actual events. Division of the observed drug-uptake value (Y) into loading (B) and maintenance portions (A) must remain ambiguous until equilibration is completed and the linearity of druguptake with time is firmly established, at which time it becomes a simple exercise with ruler and graph paper as indicated in the illustration. It allows comparison of drug requirements during operations of different length as well as the separate evaluation of changes in loading and maintenance requirements under different experimental conditions. If one makes the added assumption that the overall process of elimination is adequately described as a first-order reaction, no matter how complex the individual steps might be (Gibaldi, 1971 ) the t/d curve may be used to calculate the drug's functional half-life. The graphical solution of that equation is shown in figure 1 also. The reliability of t/d curve constants for defining the elimination kinetics of different drugs becomes a matter of legitimate concern in face of such sweeping claims. We have published data earlier relating the results of graphical analysis to simultaneous chemical assays (Keeri-Szantd, 1960; Keeri-Szantd and Pomeroy, 1971) . In table HI we list mean half-lives of various narcotics obtained from t/d constants in this study and compare them with data obtained with different techniques by others. We also show the number of subjects involved in each of these series to demonstrate that apart from the t/d studies none of them is based broadly enough to justify a statement about the dispersion of the patient population around the mean value. Such information is of course essential if one wishes to test the statistical significance of differences observed in the course of a study. Exception to this statement is the crossover study of Keats, Telford and Kurosu (1961) about the effect of promediazine on pethidine-induced respiratory depression but while their data are technically more precise than ours they have to be related to clinical situations. Our own results, substantially similar to theirs, were obtained in a clinical setting, need no extrapolation and may be easily reproduced by other clinicians. Keats, Telford and Kurosu (1961) and Brown et al. (1973) only report the course of CO,-depression following the administration of ME, MS and DI but do not apply these data to the determination of the agents' functional half-life. Figure 3 shows how this can be achieved. The construction implies a linear relationship between drug concentration and pharmacological effect. This relationship is usually taken to be exponential: the size of the error caused by wrongly assuming a linear relationship will depend upon what portion and how wide a segment of the true dose-response curve is involved. Since both groups elected to study changes in CO,-values at a single level of alveolar ventilation, any error produced by these considerations is expected to be minimal. This turns out to be the case as judged by the results shown in figure 3 : lines II and m intersect at Zero time, the only result consistent with other findings in this study. Lines I and in arc spaced the right distance apart and are nearly parallel as the laws of first-order kinetics require. The small deviation from parallelism occurs at the point and in the direction that theory predicts. Drug action has been successfully used before for estimating drug concentration, the problem has been reviewed by Levy and Gibaldi (1972) who cite several additional references.
Our own data are summarized in figure 2 and table II and permit only one interpretation: promethazine has no analgesic or anaesthetic (or respiratory depressant) action in the tested dosage. This is evident from the absence of significant changes in priming requirements following its administration with five different narcotics (table  II) and with a sixth narcotic ( fig. 2) where, in addition, promethazine did not influence the interval between the end of surgery and the onset of pain. Promethazine will prolong the action of a given dose of ME ( fig. 3 ) and will lower narcotic maintenance requirements during surgical anaesthesia (table II) and during demand analgesia ( fig.  2 ). The reduction is statistically significant for all agents except PN. With all series combined the distribution of T and C subjects above and below the grand average of each drug may well have occurred by chance alone as far as priming values are concerned. The observed distribution of maintenance values will occur by chance less than one time in a thousand.
The findings might shed some light on the mechanism by which the observed changes are brought about. Stabilization of the endoplasmic reticulum will prevent both access of the narcotics to and egress of their metabolites from the site of inactivation and will produce precisely the changes found in our subjects. This is further supported by the observation (tables II and HI) that tie degree of change produced by promethazine is very similar for six agents representing a variety of molecular structures and a five-hundred-fold range of relative potency. Permeability changes in the central nervous system itself ought to influence primarily the narcotics' priming dose. The observed results could be explained only if one postulates a permeability change that selectively affects the egress of the narcotic from the nerve cells. This hypothesis seems laboured and is in conflict with the data cited in the introduction.
The implications of our data in the practice of anaesthesia are: that promethazine is unlikely to be of use as a premedicant if it is followed by the exhibition of an anaesthetic that is not metabolized in the body, or even by one for which metabolism is only a secondary route of elimination. Methoxyflurane might be an exception. The references cited in the introduction in connection widi carbon tetrachloride suggest that promethazine might diminish the amount of free fluoride resulting from exposure to a given quantity of methoxyflurane vapour. This might be a worthwhile safety feature even though one would not anticipate any reduction in methoxyflurane requirements. It can be expected, however, that promethazine will slow the utilization of intravenous anaesthetics. Whether or not such an effect is desirable will be a matter of individual judgement. The difference produced by promethazine is not very marked as presented here because the calculations assume that the drugs are administered continuously or near-continuously. Were we to consider the more conventional situation of 4-hourly injections, for postoperative pain relief as in figure 2, we would find that twice as much drug would be needed by C subjects to maintain the same critical drug content for the same length of time as in the T series. The calculations leading to this conclusion are presented elsewhere (KeeriSzant6, 1974 ). Although we have not examined this problem in depth, the duration of action of promethazine following the administration of 50 mg per 70 kg is at least 12 hours.
While our observations concerned narcotics only, the results suggest that promethazine may prove useful in other situations where too rapid inactivation of some agent presents a therapeutic problem. We would predict that promethazine would exert actions similar to that described here on any drug or autogenous substance in whose disposition access to, or egress from the hepatic endoplasmic reticulum plays a rate-limiting role. Further work may test this hypothesis.
